P atellofemoral pain syndrome (PFPS) is a clinical condition described as retropatellar and/or peripatellar pain associated with activities involving the lower limbs, such as ascending or descending stairs, squatting, kneeling, or sitting for long periods. 7 PFPS is known to be multifactorial, 10,13 and its point prevalence ranges from 15% to 18%. 3, 12 Assessment of individuals with PFPS is common in clinical practice and research. The numeric pain rating scale (NPRS) is one of the instruments currently used in Brazil for this purpose. 11 Although the NPRS has already been translated and cross-culturally adapted for the Brazilian population, 5 its measurement properties have not been tested in patients with PFPS. The Global Perceived Effect scale (GPE) assesses global impression of recovery. It has also been translated and cross-culturally adapted for the Brazilian population 5 ; however, it was not tested in a sample of patients with PFPS. The Anterior Knee Pain Scale (AKPS), 18 the Functional Index Questionnaire (FIQ), 4 and the Pain Severity Scale (PSS) for PFPS 20 are condition-specific instruments used to assess patients with PFPS (TABLE 1) that have not yet been translated, cross-culturally adapted, and tested for their measurement properties in a sample of Brazilian patients with PFPS.
above self-reported instruments has acceptable measurement properties to be used in Brazilian patients with PFPS. 1, 14 Portuguese is spoken by approximately 240 million people worldwide, and the number of scientific articles published by Brazilian authors is increasing. Brazil is currently ranked 17th among the 146 most highly cited countries for scientific research. 9 Growth of publications on clinical populations requires that self-report instruments be appropriately translated, cross-culturally adapted, and tested for their measurement properties. Therefore, the aims of this study were (1) to translate and cross-culturally adapt the AKPS, FIQ, and PSS into Brazilian Portuguese; and (2) to test the measurement proper-ties of the Brazilian Portuguese versions of the AKPS, FIQ, and PSS, as well as the NPRS and GPE scale, which have already been translated and culturally adapted into Brazilian Portuguese. 5, 23 METHODS T his study was performed in 2 stages: (1) translation and cross-cultural adaptation, and (2) measurement property assessment. The first stage was conducted according to published guidelines for translation and crosscultural adaptation of health-related questionnaires, 1, 14 and the second stage employed the quality criteria for the measurement properties of questionnaires. 25 All participants signed a consent form and were informed about the procedures of the study at all stages. This study was approved by the Research Ethics Committee of the Universidade Cidade de São Paulo, São Paulo, Brazil.
Translation and Cross-cultural Adaptation
Translation and cross-cultural adaptation of the AKPS, FIQ, and PSS were performed in 5 stages: translation, synthesis, backward translation, expert committee review, and pretesting. Translation Items from the English version of the 3 instruments were initially translated into Brazilian Portuguese by 3 independent native Brazilian Portuguese 18 Disability Finland (English) 18 Patients with anterior knee pain, patellar subluxation, and patellar dislocation 18 Turkish, 19 English (Australia) 2, 6 Specific questionnaire for anterior knee pain comprising 13 items with separate categories related to different levels of knee function. Categories inside each item are rated, and answers are added to result in a global index in which a score of 100 represents "no deficit" and a score of zero represents "the highest possible deficit. Portuguese (Brazil) 5 An 11-point scale that assesses pain intensity, with scores ranging from zero (no pain) to 10 (strongest possible pain). 5
GPE 21
Global measurement of change United States (English) 21 Patients with lateral elbow tendinopathy 21
Portuguese (Brazil) 5 Numerical 11-point scale with scores ranging from -5 ("much worse") to +5 ("completely recovered") through zero ("no change"). In this study, for all measurements, participants were asked the following question: "How do you describe your PFPS today compared to the first episode?" Higher scores indicate higher clinical recovery. 5 [ research report ] speakers who were also fluent in the English language. One of the translators was aware of the outcomes analyzed by the questionnaires (pain and function), but the other 2 translators were not. This strategy was used to obtain 1 conceptual translation of the outcome measures and 2 translations that accurately reflected the standard linguistic practice of the population not influenced by scholarly concerns. At this stage, the instruments were completed by 31 patients who were receiving treatment in physical therapy clinics in the city of São Paulo, Brazil and were diagnosed with PFPS by a medical doctor. Exclusion criteria for these patients included history of surgery on the affected lower limb; less than 3 years of schooling; and a history of any neurological, musculoskeletal (other than PFPS), or systemic condition that could influence the assessment of knee pain and function. After the completion of the questionnaires, the volunteers were asked about the difficulty they might have had comprehending and answering questions, and any unanswered or "not applicable" items were discussed. To establish the final Brazilian Portuguese-language version of all 3 instruments, an acceptable upper limit of 15% was established for the percentage of items for which difficulties were reported, including the number of unanswered and "not applicable" answers. 1, 14 
Measurement Property Testing
To assess measurement properties, a group of Brazilian patients seeking care for PFPS was recruited from 6 different physical therapy clinics in São Paulo, Brazil. All patients had a medical diagnosis of PFPS. Exclusion criteria were the same as those used in the pretesting phase. The total sample consisted of 83 patients with PFPS who completed all instruments at baseline. From this group, 52 were invited to complete the instruments again at 48 to 72 hours from baseline and at 4 weeks from baseline, to calculate reproducibility and responsiveness, respectively.
The participants filled out the Brazilian Portuguese-language version of the AKPS, the FIQ, and the PSS adapted for the Brazilian population, as well as 2 other instruments previously adapted for the Brazilian population, 5 the NPRS and GPE scale. The characteristics of all instruments used in this study are described in TABLE 1. The choice of the intervals between testing sessions (48 to 72 hours for reproducibility and 4 weeks for responsiveness) was based on a Cochrane systematic review of patients with PFPS, which indicated that this clinical condition did not show improvement after 48 to 72 hours of treatment but did exhibit improvement after 4 weeks. 15 All self-report instruments were completed by patients who were receiving physical therapy treatment for PFPS in 1 of 6 physical therapy clinics.
Data Analysis
The measurement properties tested in this study for the 5 instruments were internal consistency, reproducibility (ie, reliability and agreement), construct validity, ceiling and floor effects, and internal and external responsiveness. Internal Consistency Internal consistency (homogeneity) of the AKPS, FIQ, and PSS was measured using the Cronbach alpha index and "alpha if item deleted" statistics. Estimates ranging from .70 to .95 were considered to be adequate. 25 The NPRS and the GPE scale were not tested for internal consistency, as these instruments are composed of a single item. Reproducibility Reproducibility was assessed by determining reliability (relative measurement error) and agreement (absolute measurement error). Reliability was calculated with intraclass correlation coefficients (ICC 2,1 ), using the scores from the baseline assessment and the follow-up assessment at 48 to 72 hours. ICCs were interpreted as poor if less than 0.40, moderate if between 0.40 and 0.75, substantial if between 0.75 and 0.90, or excellent if greater than 0.90. 25 Agreement was measured by calculating the standard error of measurement (SEM), using data from the baseline assessment and the assessment taken 48 to 72 hours later. The SEM is expressed in the same units as those used in each instrument.
The SEM was calculated as the standard deviation of differences between scores from the 2 testing sessions divided by the square root of 2. 8 The percentage of the SEM relative to the total score range is considered an important indicator of agreement and was interpreted as very good if 5% or less, good if greater than 5% and less than or equal to 10%, doubtful if greater than 10% and less than or equal to 20%, or negative if greater than 20%. 22 Construct Validity Construct validity was measured by calculating the level of association, using Pearson r, for the scores obtained at baseline among the translated, cross-culturally adapted instruments. We also calculated the correlations among the instruments using the change scores between baseline and 48 to 72 hours on the AKPS, PSS, NPRS, and FIQ. For same-construct instruments, correlation coefficients equal to or greater than 0.70 are recommended; when comparing similar constructs, correlations ranging from 0.70 to 0.40 are considered to be moderate. 25 Floor and Ceiling Effects Floor and ceiling effects were measured by calculating the percentage of respondents who reached the lowest or highest possible scores in any given instrument. 25 Floor or ceiling effects were considered to occur when more than 15% of all respondents obtained the lowest or highest possible total score. 25 Internal Responsiveness The internal responsiveness of each instrument was measured using effect-size estimations with a corresponding 84% confidence interval (CI). Effect size was estimated using the mean differences between the scores at baseline and the 4-week followup, divided by the standard deviation at baseline. For direct comparisons of the effect sizes of different instruments, we calculated the 84% CI. 16 Nonoverlapping 84% CIs are equivalent to a 0.05 z-score and can be used to compare the effect sizes of different instruments. 16 Effect sizes indicate the questionnaire's sensitivity in measuring clinical changes in patients, with a score of less than 0.20 indicating slight change, of 0.50 moderate change, and of 0.80 or greater large change. 16 Only the 17 patients who had a change of at least 3 points on the GPE scale were included in this analysis. External Responsiveness The external responsiveness of the AKPS, FIQ, PSS, and NPRS questionnaires was assessed as follows: (1) by correlating the score on the GPE at 4 weeks with the change score (score at 4 weeks minus baseline score) of each instrument (only the 17 patients who had a change of at least 3 points on the GPE scale were included in the analysis), and (2) by constructing receiver-operating-characteristic 16 curves using the GPE dichotomized score to classify the participants as "improved" or "not improved." A GPE cutoff score of 2 points or greater was considered as improved, based on the number of subjects in each category. We used the same cutoff in a previous study in patients with acute low back pain. 5 We also performed a sensitivity analysis using 3 and 4 points as possible cutoffs and observed similar results. This analysis was based on the area under the curve (AUC), and values of 0.70 or higher were considered to be responsive. 25 A critical review on the use of the GPE scale provided evidence of the validity of this scale in measuring change. 17 
RESULTS

Translation and Cross-cultural Adaptation
N o semantic, linguistic, or cultural difficulties were encountered during the translation process of the AKPS, FIQ, and PSS instruments. All discrepancies could be clearly elucidated and resolved by the expert committee. During the cultural equivalence pretesting, all questions and options were answered and were determined to be satisfactorily comprehensible and applicable by all 31 participants. None selected the "not applicable" option that was added in the pretesting version of the 3 instruments. Therefore, we decided to [ research report ] use the data from these participants in the baseline clinimetric testing stage (internal consistency, construct validity, and ceiling and floor effects). Consequently, the Portuguese-language versions of the AKPS, the FIQ, and the PSS did not require additional modifications (ie, the numbers of items from the original English versions were maintained in the Portuguese versions) and were used to test measurement properties.
Measurement Properties Testing
Eighty-three volunteers completed all 5 instruments at baseline. Fifty-two participants were invited to complete the instruments again 48 to 72 hours later and a third time 4 weeks later. The mean  SD age of the participants at baseline was 31.3  11.2 years. The majority of participants were women (71%, n = 59), and nearly half had bilateral knee pain (45%, n = 37). The demographic characteristics of the sample and total scores on the instruments at baseline and at followups are provided in answers for all completed instruments at baseline, 48 to 72 hours after baseline, and 4 weeks after baseline to perform this analysis. No respondent reached the highest or the lowest possible score on any instrument examined in this study. Therefore, no floor or ceiling effects were observed at any of the time points. Internal Responsiveness Analyses of responsiveness were performed using data from 17 participants who completed the instruments at baseline and 4 weeks after baseline (TABLE 6) .
The effect sizes from all measures ranged from moderate (0.60 for the FIQ) to high (-4.61 for the GPE). We observed overlaps in most of the 84% CIs, with few exceptions (GPE versus AKPS, GPE versus FIQ, and GPE versus PSS), meaning that most of these measures were equally responsive and that the GPE was more internally responsive than the AKPS, FIQ, and PSS. External Responsiveness We observed an absence of correlations between the change scores for each of the questionnaires and the GPE score at 4 weeks, with the exception of the NPRS (r = -0.78, P = .01) and FIQ (r = 0.51, P = .04). With regard to the AUC, only the AKPS and the NPRS can be considered responsive (AUC, 0.70 or greater). This means that the AKPS and the NPRS are the only instruments that are able to discriminate patients who improved from those who did not improve after 4 weeks of intervention. It is important to highlight that the results of the AUC are highly depen-dent on the GPE scale, which is a subjective measure, whereas the AKPS, FIQ, and PSS are more objective measures.
DISCUSSION
T he Brazilian Portuguese versions of the AKPS, the FIQ, and the PSS (APPENDIX, available online) did not need any specific cross-cultural changes. These adaptations might not have been necessary because the activities evaluated by these instruments were common in both the source (English-speaking) and target (Portuguesespeaking) populations. In addition, the questions from the original versions of these 3 instruments were described clearly and directly, making them easy to understand and to translate into Brazilian Portuguese. The AKPS, the FIQ, and the PSS have adequate internal consistency, which is similar to the results observed in the Turkish version of the AKPS 19 (TABLE  3) . To our knowledge, there are no studies assessing the internal consistency of the FIQ and the PSS in the literature.
The Brazilian Portuguese versions of the AKPS, FIQ, PSS, and NPRS have excellent reliability, whereas the GPE has substantial reliability. Previous studies of different AKPS versions yielded reliability results ranging from substantial 6 to excellent. 2 Similar estimates were observed for the FIQ, 2,6 the PSS, 20 the NPRS, 5 and the GPE. 5 The differences in reliability results among studies may be explained by the different time points established for retest, differences in populations, and different statistical analyses used, but, in general, we found similar results to those reported in the literature. 2, 5, 6, 20 Even though the test-retest interval of 48 to 72 hours might allow memorization of answers by the participants, this short interval helps to ensure that treatments do not cause major changes in the clinical conditions. The agreement measured by the percentage of the SEM related to the total score range was rated as very good for the AKPS and the PSS and good for the FIQ [ research report ] and the NPRS. These results are consistent with other studies that found very good agreement for the AKPS and the FIQ. 2, 6 The agreement of the GPE was classified as doubtful. We could not identify any previous study that had assessed GPE agreement. The AKPS and FIQ correlated moderately with each other, indicating acceptable construct validity. The different characteristics of the questions in these 2 instruments might explain this moderate relationship. Correlations among the AKPS, the FIQ, and the PSS were also moderate and statistically significant. Although these instruments measure similar features, there are likely some differences in what each tool measures in patients with PFPS. The correlation between the PSS and the NPRS was low. Although both instruments assess pain intensity, the PSS assesses pain intensity related to specific activities, whereas the NPRS provides a more general assessment of pain intensity. Similar results were observed in previous measurement properties studies in individuals with PFPS. 2, 6, 20 No ceiling and floor effects were detected for any of the measures. Therefore, the 5 instruments analyzed by this study are able to identify participants whose condition may improve or worsen, without hampering the reliability and responsiveness of the instruments. 25 We observed moderate to large effect sizes in the analysis of internal responsiveness, with the GPE as the measure that had the highest effect size. Both general measures (the GPE and the NPRS) had the highest effect sizes, which may indicate that patients with PFPS who participated in the study showed general improvement instead of activity-specific improvement. Although these estimates provide evidence of good responsiveness of these measures, it is important to highlight that the analysis was performed in only 17 of 52 participants (ie, the patients who experienced substantial changes), and therefore the results have to be interpreted with caution.
External responsiveness, analyzed by the AUC, showed that the AKPS and the NPRS were the best instruments to distinguish between patients who had improved and those who had not. Similar findings were observed in a study that measured the responsiveness of the AKPS and the visual analog pain scale, using the global rating of change (GROC) as a comparator for measuring improvement. 6 The GPE measures clinical change from the onset of symptoms, whereas the GROC measures changes in status within a specific period of time, 6 similar to the AKPS, FIQ, PSS, and NPRS instruments. Nevertheless, the comparison of responsiveness of the AKPS and the FIQ using the GPE as a standard instrument to measure improvement in this study was similar to that of another study using the GROC scale. 6 The GPE as a global measure of change has been criticized by some authors, because it assesses change from the onset of the condition, which may affect the interpretation of our results and be considered a limitation of the study. However, the GPE is the only global measure of change available in Brazil 5 and, therefore, the only available instrument to calculate the external responsiveness of these measures. Future studies using different comparators, such as the GROC 6 scale, may help to validate our results.
The results from this study are important for clinicians and researchers because they provide robust evidence supporting the use of these measures to assess Brazilian patients with PFPS in the clinical setting and for clinical research by Brazilian researchers. Finally, they also provide evidence to support the pooling of data from Brazilian Portuguese-speaking and English-speaking populations in multisite clinical trials and systematic literature reviews.
CONCLUSION T
he Brazilian Portuguese versions of the AKPS, FIQ, PSS, NPRS, and GPE instruments have accept-able measurement properties and may be used to assess Brazilian patients with PFPS. The PSS had the highest internal consistency and reliability, and the AKPS was the measure with the highest agreement based on absolute error. In addition, the AKPS, the PSS, and the FIQ measure similar constructs; the GPE and the NPRS are the measures with the highest internal and external responsiveness, respectively. t
KEY POINTS
FINDINGS: The Brazilian Portuguese versions of the AKPS, FIQ, PSS, NPRS, and GPE instruments have acceptable measurement properties and may be used to assess Brazilian patients with PFPS. IMPLICATIONS: In addition to providing a Brazilian Portuguese version of the instruments to be used for clinicians, this study adds evidence supporting the measurement properties of instruments for assessing patients with PFPS. CAUTION: All results presented in this study are only generalizable to Brazilian patients with PFPS.
